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ABSTRACT

The role of different strains of Rhizobium sp. (gram) H,,, H,., Beijerinckia indica J; and
Azotobacter chroococcum By, on nodulation, seed yield and amino acid compestion of seed protein
of Cicer arietinum var. type-1 were assessed under the field conditicns, following the rar.domized bleck
design with a basal dressing of 20 kg N and 50 kg P;Oi/ha, Simultarecus inoculation with Azoto-
bacter and any of the strains of Rhizobium proved better than Rhizobium or Azotobacter or Beijerinckia
or Rhizobium-+ Bejerinckia towards the vield, Out of the 16 amino acids defected in the seeds, cspartic
acid, glutamic¢ acid, isoleucine and phenylalenire were maximum dve to strein H,.; threcrire,
glycine and valine due to strains H,, 4 J;; tyrosine and histidine due to stroirs Hy, <} B,; and
alanine due to strain B;. Aspartic and glutamic acids tended to decrease due to simultanecus
inoculation with Rhizobium and Azotobacter when compared with Rhizobium or Azotobacter alohe:
whereas some of the amino acids showed an increasing trend. Azorobacter when used with
Rhizobium caused the formation of fewer but healthier nodules and perhaps the better utilizaticn
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of the symbiotically fixed nitrogen by the crop.

IELD increases were reported by Sheloumova8 (1941)
with simultaneous treatment of some Jeguminous
seeds with azotobacterin and root nodule bacteria
specific for them, Synergistic effect of gram Rhizo-
bium H,, and Azotobacter chroococcum B, was re-
corded by Rawat and Sanoria® (1976) on the grain yield.
Emploving Rhizobium, Azotobacter and Beijerinckia
either alone or in combinations of the later two with
Rhizobium, experiments were tried followirg the same
design and technique, The primary objective was
to assess the effect of inoculation on both the quality
and qguantity of seeds.

MATERIAL AND METHODS

Gram rhizobia, Beijerinckia indica atnd Azorobacter
chroacoccum used in this study are isolates frem Saha-
pura block soils of Jabalpur, kitchen garden soil of
Jabalpur and B.H.U. farm soil of Varanasi respectively.
Rhizobium isolates were serologically distirct (Vaishya?,
1971) while Bejjerinckia and Azotobacter were norphe-
logically different, Bejjerinckia had the capability
to grow at pH 3-0 and it produced abundant slime,
Rhizobium was grown on yeast e€xtract mannite] agar
medium (Yincent1?, 1970) slants and Azorobacter and
Beijerinckia were grown on Burk’s medium (Rubenchik?,
1963). Preparation of cultures and the methed cf
seed inoculation was the same as described by Rawat
and Sanoria® (1976).

The plants were uprooted for nodule study 70 days
after sowing, Crude protein in Sceds was detejmired
by Kjeldahl method and the amino acids were esti-
mated with Hitachi-Perkin Elmer KLB-3B automatic
amijno acid analyser,

RESULTS AND DISCUSSION

Nodule weight, instead of the nodule number, is
¢ongidered to be a better crjterion for evaluating the

efliciency of rhizobia. Extent of symbijotic nitregen
fixation thusidepends upon the nodular mass. Scme-
times irregularitics do appear because of the formation
of nodules by inefficient but active strains. In such
cases the nodules will either be deprived of or remain
poor in leghemoglobin, the real compound of symbictic
origin {Burris?, 1974). Lookingto the data on nodule-
tien, yield and c¢rude protein ccontent cf the seeds
(Table 1), 1t appears that seed bacterizeticn with either
Azorobacrer or Beijerinckia, stimulates slightly the
native rhizobia which in turn causes somewhat better
nodulation over the contrel. Both the strains ¢f gram
Rhizobium sp. brought about greater ncdulation ard
increased the nodular nmass but the grein yield wes
not significantly improved over the contrel., Of ccuise,
Rh. H;, promoted the vegetative growth, Simjlarly,
Rh. H,, with Bejjerinckia was beneficial for the straw
vield. When Rhizobium strains were vsed alerg with
Azotobacter or Beijerinckia, there weas 1educticn in the
nodule numbers in comparison to Rhjzobium alore.
In contrast to Azotobacter, Beiferinckia ir.oculaticr,
along with Rhizobium, decrersed the nodulcr mass,

From the point of view of crop yield, tieatmert
Rh. H,, + Azotobacter stocd first and next to it was
the treatment, RA H,;, - Acotobacter, Reo Kumar
and Patil® (1976) reported better viclds ¢of seybean due
to inoculation with Rhizobivm and Arzerobacrer whereos
Rajani Apte and Iswaran? (1974) obt.i ed geod yields
of soybexn with Rhizvobim and Beijerinchia. By the
use of Azorobacter with Rh, M, or Rh. H ., although
there was reduction In the riumber of nodules yet,
the weight of individual nodules had incressed, This
observation supports the hypothesis that the total
nodule weight (ingstead of nodule number) should te
considered as a criterion in Jegume Rhjzobfum symbiosis,
In the treatment of Rh, H,, the weight of nodelesf
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TABLE |
Nodalation, characteristics, yield and crude protein content of Bengal gram
Total No. Oven dry Straw Grain Seed crude
Treatments of nodules weight cf yield yvield protein
per plant nodules (Q/ha) (Q/ha) (°5)
per plant
1. Control 325 14-25 34-75 24+ 58 24-71
3 - »
“. Rhizobjum sp. H,y 56:75%* 160-25** 4537* 26:50 25-63
3. Rhizobium sp. H,, 31:00%* 133-G0%* 41+50 25-50 24-99
4. Bejjerinckia indica Js 17-00 36-50 40-37 24-00 25+25
5, Axotobacter chroococcum B, 11-00 27-50 40- 30 2458 24-26
6. Rh.sp. H,, -+ Beij. indica Jy 33-00** 96-50%** 40-75 2358 23-34
7. Rh.sp. Hy, + A. chroococcum B, 24-75%* 202-25%* 47 75%%* 29 50%* 25-35
8. Rh.sp. Hyy I Bei/. indica g 23-25* 94-75% 46-37%* 24-75 23-74
9. Rh.sp. Hyy + A, chroococcum By 21-75* 104-00** 4750 ** 28:25* 24-30
CD. ats% 1795 60-26 815 3-11 N.S.
24-38 8167 11-04 417 N.S.

allle

* Significant at 5%, level of significance.

plant is 133 mg whereas in the treatment R, Hy,
-+ Azotobacter it is 104 mg. That the yield was
increased by the latter treatment, and not in the
former, warrants for an alternative explanation,

In the absence of data on leghemoglobin content
which could have been taken as the parameter for the
amount of nitrogen fixed symbiotically, one has to
consider the mode of utilization of the fixed nitrogen,
Referring to aata in Table Il on amino acid composi-
tion of seeds, some explanation is possible. In the
control, the amino acids serine, proline, leucine, lysine
and arginine are in the highest amount, Ri. Hy,
give maximum amount of aspartic acid, glutamic acid,
isoleucine, norfeucing and phenylalanine while in
combination with Beijerinckia it resulted in the highest
armmount of threonine, glyeine and valine., Azow-
bacter alone increased alanine. Linta® (1963) reported
an increase in the proportion of protein, nitrogen and
amino acids in pea and vetch when inoculated with
active strains of rhizobia.

Results of Table I show the synergistic behaviour
of Azotabacter and the Rhizobium straing on crop yield,

** Significant at 17/ level of significance.

Similar behaviour of the combined culture is noticeable
on the amino acid composition of seeds. By using
Rh. H,, and Azotobacter there has been an increase
in some amino acids like serine, tyrosine and lysine
in comparison with the use of Ra. H,, or Azotobacter
alone. Similarly, increases in glycine, valire, tyrosine
and histidine were due to R&. H,, + Azotobacter
a§ compared with the individual cultures. Decrease
in aspartic acid and glutamic acid due to Rh. H,,
4 Azotobacter or Rh. H,, 4 Azorobacter appears
to be more sigaificant in this context because these
acidic amino acids are formed first 1n the process of
symbiotic N-fixation (Bafa Ravil, 1975). Decrease
in their amount suggests indirectly their conversion
into other amino acids, From the discussion it
appears that Azotobacrer when used along with Rhizo-
bium, besides causing the formation of fewer and
healthier nodules, helps in the better wutilization of
symbiotically fixed nitrogen, The other possible
beneficial effects of Azotobacter in combination with
Rhuizobium have been discussed by Rawat and Sanoria®
(1976),
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TABLE I,
Amino acids expressed in g/100 g protein from seeds of different treatments
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Rhizobium Rhizobium  Beijer- Azotobce- Rh. sp.H,, Rh.sp. Rh.sp.H,; Rl sp.

Amino acid Control  sp. Hyy sp. Hyg inckia  ter chroo- - +Beij. H,,+A. +Beir. H,+A.
indicals; coccum By indicaly, chroo-  indicaly  chroo-

cocciem B3 crccum B,

Aspartic acid 969 10-32 11:99* 9-13 10-73 10-89 9-89 10-83 10-70

Glutamic
acid 12-71 13-64 14-53* 12-93 14-01 13:93 12+31 13-8] 13-79
Hydroxy

proline NQ NQ NQ NQ NQ NQ NQ NQ NQ
Serine 4-74%* 3.23 3-45 4-36 3-87 3-56 4-52 3-50 340
Threonine 2:49 260 2:29 2-53 3-14 3:20 279 3:41% 317
Proline 4:-61%* 4-45 3-88 4-32 4-03 397 4-53 3:99 4-00
Alanine 3-31 3-35 3-97 3-34 4-30% 4-11 4-01 4:07 4-21
Glycine 5-72 667 5:-30 5:80 7-21 7-59 6-33 801* 770
Yaline 4-32 4:48 4-53 4-28 5.13 609 4-89 6-71* 621
Cystine NQ NQ NQ NQ NQ NQ NQ NQ NQ
Methionine NQ NQ NQ NQ NQ NQ NQ NQ NQ
Isoleucine 3-78 3-62 4-0]1¥% 3-65 3:33 3:62 3-69 367 371
.Leucine 6-95% 6-83 6-79 5-98 6:91 6-73 6-82 6-81 681
Norleucine 2+51 249 2+53% 2-50 2°51 2°53* 2-50 2°50 251

Tyrosine 2°29 2-13 2-04 2-39 2°61 3:G2 3-97 3-99 4-01%
Phenylalanine 4+ 87 3-90 5:64*% 4-63 507 553 5-03 5-20 5-61
Lysine 6:21* 501 5+65 6-00 5:16 527 5:81 5-18 5-3Q
Histidine 1+31 1-27 1:06 1-47 2:27 2+32 1:92 2+41 271
Ammonia 0-63 0-27 0-52 0-59 0:-62 0-67 0-82 0:59 0-62
Tryptophan ND ND ND ND ND ND ND ND ND
Arginine 12-67* 787 7-59 10+ 89 813 7-89 7-93 7-50 777
ToTAL 88-81 82<13 85-80 8479 8003 91-82 87-76 92-18 62:23

Results are expressed:

1. On moisture free basis.

2 Protein conversion factor 18 used 6+285.
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